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ABSTRACT
Outbreaks of human Norwalk virus (NV) and Norwalk-like viruses often originate in food service establishments. No
reliable method is available for the detection of these human caliciviruses on food contact surfaces. We describe a simple
method for the detection of NV from stainless steel work surfaces using cultivable feline calicivirus (FCV) as a model. Stainless
steel surfaces were arti cially contaminated with known amounts of FCV, followed by its elution in a buffer solution. Three
methods of virus elution were compared. In the  rst method, moistened cotton swabs or pieces of nylon  lter (1MDS) were
used to elute the contaminating virus. The second method consisted of  ooding the contaminated surface with eluting buffer,
allowing it to stay in contact for 15 min, followed by aspiration of the buffer (aspiration method) after a contact period of 15
min. The third method, the scraping-aspiration method, was similar to the aspiration method, except that the surfaces were
scraped with a cell scraper before buffer aspiration. Maximum virus recovery (32 to 71%) was obtained with the scrapingaspiration method using 0.05 M glycine buffer at pH 6.5. Two methods (organic  occulation and  lter adsorption elution)
were compared to reduce the volume of the eluate recovered from larger surfaces. The organic  occulation method gave an
average overall recovery of 55% compared to the  lter-adsorption-elution method, which yielded an average recovery of only
8%. The newly developed method was validated for the detection of NV by arti cial contamination of 929-cm2 stainless steel
sheets with NV-positive stool samples and for the detection of the recovered virus by reverse transcription–polymerase chain
reaction.

Norwalk (NV) and Norwalk-like viruses (NLVs) are a
leading cause of foodborne gastroenteritis. Recently, it has
been determined that 96% of the reported outbreaks of nonbacterial gastroenteritis in the United States are caused by
NLVs (11). It is further estimated that NLVs account for
more than 60% of the foodborne disease outbreaks due to
known agents (26). The transmission of NLVs occurs mostly through the fecal-oral route, person-to-person transmission, or ingestion of contaminated foods. Transmission by
aerosols has also been reported (24). The consumption of
contaminated food is a common mode of NLV transmission
(4, 8), and food handlers are often suspected to have a role
in transmission, both in symptomatic and asymptomatic
phases of the disease (22, 28). Various food items that have
been implicated in NLV outbreaks include fresh fruits and
vegetables, frozen raspberries, bakery products, sliced deli
ham, deli sandwiches, shell sh, and salads (7, 8, 11, 29).
In many produce-associated outbreaks, food and food contact surfaces were shown to be contaminated by infected
food handlers while food items were being handled (7, 8).
Despite the possible involvement of different foods in
the transmission of these viruses, efforts have so far focused
on the detection of NLVs only in shell sh (3, 9, 16, 21).
* Author for correspondence. Tel: 612-625-2714; Fax: 612-624-8707;
E-mail: goyal001@umn.edu.

Recently, efforts toward developing methods for the detection of NLVs from other foods have also been initiated (20,
31). However, food contact surfaces have not been investigated for their role in the transmission of NLVs, possibly
because effective methods are not available for virus recovery from such surfaces.
Several human enteric viruses, e.g., hepatitis A, human
rotavirus, enteric adenovirus, and poliovirus, are known to
survive on aluminum, china, glass, glazed tile, latex, and
polystyrene surfaces (1). The transfer of viable viruses from
contaminated to clean surfaces has also been documented
(2, 17). Routine interaction of hands with contaminated surfaces has been shown to promote the spread of hepatitis A
virus (25). These studies provide enough circumstantial evidence that, in restaurant-related outbreaks of NLVs, food
contact surfaces may act as an important vehicle for virus
transmission.
The objective of this study was to develop a simple
method for the detection of feline calicivirus (FCV) from
food contact surfaces. Because NLVs do not grow in cell
cultures, we used cultivable FCV as a surrogate model. NV
is a calicivirus, and its physicochemical properties are similar to those of FCV (32). It is therefore appropriate to use
FCV as a surrogate for NLV. In a similar fashion, poliovirus
has been successfully used as a surrogate model for developing methods for the detection of human enteric viruses
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from water, shell sh, and sludge (14). Recently, primate
calicivirus (Pan-1) has also been used successfully as a surrogate for developing detection methods for human caliciviruses in water (18).
MATERIALS AND METHODS

Viruses. Strain F9 of FCV was a gift of John Neill, National
Animal Disease Center, Ames, Iowa. A fecal sample containing
NV was obtained from Joanne Bartkus, Department of Health,
Minneapolis, Minn. The NV from the fecal sample clustered with
genogroup I isolates, speci cally with the P1-A antigenic group.
A 10% (wt/vol) suspension of fecal sample in phosphate-buffered
saline was vortexed and centrifuged at 16,000 3 g for 5 min. The
supernatant was aliquoted and stored at 2708C. A fecal sample
that did not show the presence of NV by RT-PCR was reconstituted and processed in a similar manner and was used as a negative control.
Cells. The FCV was propagated and titrated in Crandell-Reese
feline kidney (ATCC CCL94) cells (American Type Culture Collection, Rockville, Md.). The cells were grown in Eagle’s minimal
essential medium (Celox, St. Paul, Minn.) supplemented with 8%
fetal bovine serum, penicillin (100 U/ml), streptomycin (100 mg/
ml), fungizone (1 mg/ml), 15 mM N-2-hydroxyethylpiperazine-N92-ethanesulfonic acid (HEPES), and 5 mg/ml lactalbumin hydrolysate. Monolayers at 90% con uency were inoculated with FCV,
and the cells were incubated at 378C until cytopathic effects were
seen, usually within 2 to 3 days. The cultures were frozen and
thawed three times, followed by centrifugation at 12,000 3 g for
5 min. The supernatant was aliquoted in 1-ml amounts and stored
at 2708C. For virus titration, 100 ml of serial 10-fold dilutions of
the samples was inoculated in triplicate in Crandell-Reese feline
kidney monolayers in 96-well microtiter plates. After 72 h of incubation, the cells were observed for cytopathic effects, and the
50% tissue culture infective dose (TCID50) was calculated by the
method of Reed and Muench (30).
Experimental contamination of surfaces. Stainless steel
sheets (Type 304 ss, no. 4 polished stainless steel) of 929-cm2
area were fabricated locally (Crystal Welding, Maple Grove,
Minn.). Demarcated areas on these sheets were used as representatives of the environmental food contact surfaces that are likely
to come in contact with food or food handlers in food service
establishments. Stainless steel tabletops, sinks, and metal push
plates on doors were also used in certain experiments. These surfaces were contaminated with known amounts of FCV, which was
then allowed to dry for 15 min at room temperature. To reduce

operator bias, the person collecting the surface samples did not
know the exact location of virus application on these surfaces.
Virus elution. Initially, three buffers were used (0.05 M glycine buffer, pH 6.5; 0.05 M glycine buffer, pH 9.5; and modi ed
Eagle’s medium, pH 7.2). Three different methods of virus elution
using only one buffer were compared. The  rst method consisted
of swabbing the contaminated surface with moistened swabs (Cotton Tails, Citmed, Mobile, Ala.) or pieces of 1MDS  lter wrapped
around the tips of a forceps. The swabs or  lters moistened with
0.05 M glycine buffer (pH 6.5) were  rmly rubbed 20 to 25 times
across the length and breadth of the contaminated surface. The
swabs and  lter pieces were vortexed for 30 s in 1 ml of 0.05 M
glycine buffer (pH 9.5) to elute the recovered virus. The aspiration
method consisted of pouring the eluting buffer evenly over the
surface (10 ml buffer/929-cm2 area), followed by vacuum aspiration of the buffer after a contact time of 15 min. The scrapingaspiration method was the same as the aspiration method, except
that the surfaces were  rmly mopped with a sterile cell scraper
(with a 3-cm blade; Costar, Corning, N.Y.) before aspiration of
the eluting buffer. For vertical surfaces, the buffer was evenly
sprayed with a hand-held sprayer bottle and then collected in a
sterile reservoir with the cell scraper. For sinks, the sinkhole was
blocked with a rubber stopper before applying the virus. The eluting buffer was then sprayed on the walls and the bottom of the
sink, and the eluate was allowed to collect around the blocked
outlet, where it was aspirated into sterile  asks. All eluates were
adjusted immediately to pH 7.2 to 7.4 and assayed for FCV with
(for 100-ml eluates) or without (10-ml eluates) concentration.
Virus concentration. Two methods were compared for reducing the eluate volume. For the organic  occulation method,
beef extract powder (Becton Dickinson, Cockeysville, Md.) was
added to the eluates at a  nal concentration of 3%, and pH was
adjusted to 3.5 with 1 N HCl. The mixture was stirred for 20 min
to allow  occulation and then centrifuged at 4,000 3 g for 20
min. The pellet was suspended in 1 ml phosphate-bufferedsaline.
The  lter-adsorption-elution method was performed in two steps.
First, the eluate was passed through a double layer of 25-mmdiameter 1MDS  lter at a  ow rate of 1- to 2-ml/min/cm2  lter
area. In the next step, virus bound to the  lter was eluted with 1
ml of 0.05 glycine buffer containing 3% beef extract (pH 9.5).
The  lter was allowed to soak in the eluent for 1 to 2 min before
the eluent was passed through the  lter. The pH of the  lter eluate
was adjusted to 7.2 to 7.4, and the eluate was titrated for FCV or
tested by RT-PCR.
Decontamination. At the end of an experiment, the stainless
steel sheets were autoclaved before reuse. Other contaminated surfaces (bench tops, sinks, and push plates on doors) were decontaminated with a 10% solution of bleach (Fox-chlor, Fox Packaging Co., St. Paul, Minn.), which was allowed to stay in contact
with the surfaces for 2 to 4 h. The surfaces were then washed
with water and dried.
RNA extraction. The QIAamp viral RNA mini kit (Qiagen,
Valencia, Calif.) was used for extraction and puri cation of viral
RNA per manufacturer’s instructions. Brie y, 140 ml of concentrated sample was mixed with 560 ml buffer and incubated at room
temperature for 10 min for lysis. Ethanol (560 ml) was then added
and mixed by vortexing, and droplets from the centrifuge tube cap
were removed by centrifugation. The QIAamp spin column was
then loaded with 630 ml of this mixture and centrifuged. The
 ltrate was discarded, and the spin column was washed with 500
ml buffer, followed by another wash with 500 ml buffer. The  ltrate was discarded, and the RNA bound to the spin column was
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Experimental plan. Demarcated areas of stainless steel surfaces were contaminated with known amounts of FCV. To elute
the contaminating virus from surfaces, three different buffer solutions and three different elution methods were compared to determine the ef ciency of virus recovery. Initially, the methods
were tested on small surfaces (25.8 and 929 cm2), followed by
the use of larger surfaces (bench tops and sinks). Once the contaminated virus was eluted from larger surfaces (5,290 cm2), the
volume of the eluate was further reduced by one of two virus
concentration methods: (i) the membrane adsorption-elution method using 1MDS positively charged  lters (CUNO, Meriden,
Conn.) (15), or (ii) the organic  occulation method (19). The newly developed method was then validated for the detection of FCV
and NV by reverse transcription–polymerase chain reaction (RTPCR) by contaminating surfaces with serial 10-fold dilutions of
FCV or NV, recovering the applied virus by the newly developed
method, and detecting them by RT-PCR.
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TABLE 1. Elution of FCV from stainless steel surfaces using different eluentsa
% virus recovered
Trial 1 Trial 2 Trial 3 Average

0.05 M glycine (pH 6.5)
0.05 M glycine (pH 9.5)
Modi ed Eagle’s medium (pH 7.2)
a
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50
35
10

36
20
5

40
29
14

42
28
10

eluted with 30 ml RNase- and DNase-free distilled water (Life
Technologies, Rockville, Md.). RNA was either used directly in
RT-PCR or stored at 2708C.
RT-PCR. FCV RNA was detected by RT-PCR using primer
pairs CalcapF and CalcapR (34), which generate a 673-bp product.
NV RNA was detected by primer pair JV12 and JV13, which
generates a 326-bp product (36). Brie y, 5 ml RNA was reverse
transcribed in a total volume of 20 ml. The RT mixture contained
20 mM Tris-HCl, 50 mM KCl, 6.25 mM MgCl2, 2 mM downstream primer, 1 mM each of deoxynucleoside triphosphates, 5
mM dithiothreitol, 20 U RNase inhibitor (Life Technologies), and
20 U Superscript II (Life Technologies). RT was performed at
428C for 45 min, followed by inactivation at 708C for 15 min.
PCR ampli cation of 5 ml cDNA was performed in a 50-ml reaction volume containing 20 mM Tris-HCl, 50 mM KCl, 2 mM
MgCl2, 200 mM deoxynucleoside triphosphates, 0.4 mM of each
primer, and 2.5 U Taq DNA polymerase (Life Technologies).Am-

RESULTS
Comparison of elution buffers. To  nd an optimum
eluent, we compared 0.05 M glycine buffer at pH 6.5 and
9.5. Modi ed Eagle’s medium at pH 7.2 was also used.
Using a 929-cm2 surface area, the average virus recoveries
with the three buffers were 42, 28, and 10%, respectively
(Table 1). Because consistently higher recoveries of FCV
were obtained with 0.05 M glycine at pH 6.5, this buffer
was used in all subsequent experiments.
Method of virus elution. Four different methods of
virus elution were then compared for eluting contaminating
FCV from 25.8- and 929-cm2 surfaces. As shown in Table
2, an average virus recovery of less than 23% was obtained
with cotton or 1MDS  lter swabs. Similar virus recoveries
were obtained when the eluting buffer was aspirated without scraping. However, as much as 71% of the input virus
was recovered when virus release was facilitated by scraping the surface with cell scrapers before buffer aspiration.
The scraping-aspiration method was then applied to recover
FCV from sinks and push plates on doors. Average recoveries of 34 and 11%, respectively, were obtained.
Concentration of eluates. Next, we contaminated
stainless steel laboratory bench tops (929-cm2 area) and
eluted the contaminating virus by the scraping-aspiration
method using 100 ml of 0.05 M glycine buffer (pH 6.5).

TABLE 2. Comparison of elution methods for the recovery of FCV from surfaces
Average % (range) virus recovered by the indicated elution methoda–c
Surface

Cotton swabs

1MDS swabs

Aspiration

Stainless steel sheet (25.8 cm2)d
Stainless steel sheet (929 cm2)d
Sinke
Vertical surface f

10 (6–16)
3 (2.5–4.5)
ND
ND

23 (11–30)
2.5 (1.0–5.0)
ND
ND

25 (15–35)
8.6 (6–12)
ND
ND

a

S/A

71
32
34
11

(58–90)
(20–52)
(20–46)
(8–15)

Percent virus recovery was calculated by the following formula: (Amount of virus recovered in the eluate)/(Amount of virus used for
contamination) 3 100.
b The numbers in parentheses indicate range of virus recovery in three different experiments.
c S/A, scraping-aspiration (procedure); ND, not done.
d Twenty microliters of FCV (7.0 3 105 to 1.3 3 106 TCID /100 ml) was spotted on the indicated surfaces at random spots and allowed
50
to dry for 15 min. For the  rst two procedures, the contaminated surface was swabbed with moistened cotton swabs or 1MDS  lter
swabs, followed by rinsing in 1 ml of 0.05 M glycine buffer (pH 6.5) to recover the eluted virus. For the aspiration procedure, the
contaminated surface was  ooded with 0.05 M glycine buffer (pH 6.5) at 10 ml/929 cm2, allowed to stay in contact for 15 min, and
then aspirated. The S/A procedure was similar to the aspiration procedure, except that the contaminated surface was scraped with a
cell scraper before vacuum aspiration of the eluent.
e The sinkhole was blocked. The inner surfaces were spotted with 20 ml FCV and allowed to dry. The walls were then uniformly sprayed
with 0.05 M glycine buffer (pH 6.5). After a contact period of 15 min, the walls and base of the sink were scraped; the eluent was
then allowed to collect near the blocked sinkhole and was aspirated by vacuum aspiration.
f Metal push plates on doors were spotted with 20 ml FCV and allowed to dry. The push plate was then sprayed uniformly with 5 ml
of 0.05 M glycine buffer (pH 6.5). The buffer was scraped from the surface using cell scrapers and collected in a reagent reservoir
held underneath.
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Twenty microliters of FCV (1.9 to 3.6 3 106 TCID50/100 ml)
was spotted on 929-cm2 stainless steel sheets and allowed to dry
for 15 min. The contaminated sheets were  ooded with 10 ml
of the indicated buffer, allowed to stay in contact for 15 min,
scraped with a cell scraper, aspirated by vacuum aspiration, and
then titrated for FCV. Percent virus recovery was calculated by
the following formula: (Amount of virus recovered in the eluate)/(Amount of virus used for contamination) 3 100.

pli cation was performed in a Gene Amp PCR system 9600 (Perkin Elmer, Norwalk, Conn.) with an initial denaturation at 948C
for 2 min, followed by 40 cycles of denaturation at 948C for 1
min, annealing at 558C for 1 min, extension at 728C for 1 min,
and a  nal extension at 728C for 10 min. The RT-PCR products
were analyzed by agarose gel electrophoresis, stained with ethidium bromide, and visualized under UV light.
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TABLE 3. Comparison of organic  occulation and  lter-adsorption-elution methods for second-step concentration of FCV eluted
from contaminated surfacesa
% virus recovered
Method

Trial 1

Trial 2

Trial 3

Average

Organic  occulationb
Filter adsorption elutionc

70
12

48
5

47
8

55
8

To reduce the volume of the eluate to a manageable level,
we compared two methods (organic  occulation and  lter
adsorption elution) for the concentration of the eluted virus.
The average virus recovery with these two methods was 55
and 8%, respectively (Table 3).
Detection of viruses by RT-PCR. Finally, we validated the newly developed method for the detection of FCV
and NV by RT-PCR. Using the scraping-aspiration method
followed by organic  occulation for concentration, we were
able to detect the presence of FCV in up to 102 5 dilution
of the stock FCV with a detection limit of 2.1 3 101
TCID50 (Table 4). This was also the last dilution that gave
a positive reaction by RT-PCR. Similarly, 100 ml of 10-fold
dilutions of NV-positive stool samples was used to contaminate 929-cm2 stainless steel sheets. The NV dilutions were
collected by the scraping-aspiration method, concentrated

DISCUSSION
Outbreaks of gastroenteritis caused by NLVs have become a major public health concern. Effective control of
outbreaks depends in part on the identi cation of the source
of contamination. The contamination of raw produce by
contact with infected food handlers or contaminated food
contact surfaces has serious implications for the food service industry and for large eating establishments. Thus,
simple methods for the detection of human caliciviruses
from food contact surfaces are needed. We have described
the development of a simple method for the detection of
NV in arti cially contaminated food contact surfaces using
FCV as a model virus.
Because the pH and ionic strength of eluting buffer are
known to in uence the net charge on virus particles (14,
15), it is important to determine which eluting buffer is the
most ef cient. In general, eluents of low ionic strength are
suitable for the elution of enteric viruses. We found 0.05
M glycine buffer (pH 6.5) to be the most suitable for the
elution of FCV. The same buffer at pH 9.5 was less ef cient
for virus recovery, and modi ed Eagle’s medium was the
least ef cient, probably because of its complex composition.
Initially, mopping of the surface with a swab or pieces
of 1MDS  lter was evaluated as a sampling method because of its ease of operation. However, this method yielded
consistently poor recovery of the input virus, probably because the size of the swab head was inadequate to retain
the buffer and, thus, the eluted virus. It is also likely that
the spotted virus, after coming in contact with the swab,
gets spread and smeared along the entire surface, resulting
in virus dilution per unit surface area. Studies with hepatitis
B virus antigens on environmental surfaces have shown the
swab rinse method to be reliable, but the ef cacy of this
method is reported to be the greatest when the area to be
sampled is small and when the level of contamination is
high (5, 10, 12). In a study on microbial contamination of
spacecraft hardware, it was recommended that the area sampled with a cotton swab should not exceed 25.4 cm2 (27).

TABLE 4. Ef ciency of detection of feline calicivirus (FCV) and Norwalk virus (NV) by reverse transcription–polymerase chain reaction
(RT-PCR) a
Dilution of virus used
to contaminate 929-cm2 area

102 1
102 2
102 3
102 4
102 5
102 6
a

TCID50 of FCV in
the indicated dilution

2.1
3.1
2.1
4.5
2.1

3 105
3 104
3 103
3 102
3 101
—

Detection of indicated
dilution of FCV by RT-PCR

Detection of indicated
dilution of NV by RT-PCR

1
1
1
1
1
2

1
1
1
1
1
2

Serial 10-fold dilutions of FCV (initial titer 5 2.1 3 106 TCID50/20 ml) and NV were spotted on 929-cm2 stainless steel bench tops.
The virus was eluted by the scraping-aspiration method and concentrated down to 1 ml by organic  occulation. The  nal samples
were titrated by cell cultures and RT-PR (for FCV) and by RT-PCR (for NV).
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Ten microliters of FCV (1.0 to 7.5 3 105 TCID50/100 ml) was
applied at random spots on a 929-cm2 stainless steel bench top
and allowed to dry. The contaminated surface was  ooded with
100 ml of 0.05 M glycine buffer (pH 6.5). The surface was then
scraped with sterile cell scrapers, and the buffer was collected
by vacuum aspiration. Virus present in the eluate was concentrated either by organic  occulation or by  lter adsorption elution.
b Organic  occulation was done by adding beef extract powder to
the eluate at a  nal concentration of 3% and adjusting the pH
to 3.5. The mixture was stirred for 20 min to allow  occulation
and then centrifuged at 4,000 3 g for 20 min. The pellet was
suspended in 1 ml phosphate-buffered saline (pH 7.2) and titrated for FCV.
c The  lter-adsorption-elution method was performed by passing
the eluate through 1MDS  lter, followed by virus elution in 1
ml of 0.05 M glycine buffer containing 3% beef extract (pH
9.5). The samples were adjusted to pH 7.2 to 7.4 before inoculation in cell cultures for FCV titration.
a

to 1 ml by organic  occulation, and subjected to RT-PCR.
With conserved capsid primers JV12/JV13 (36), we could
detect up to 102 5 dilution of NV-positive stool samples collected from arti cially contaminated stainless steel plates.
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adsorption-elution method was found to be impractical, because the  lters became easily clogged by solid matter picked up during elution. Organic  occulation as a method of
concentration has the advantage of precipitating the virus
from particulate matter that might clog the  lters. Another
advantage of using organic  occulation is that the sedimented pellet is compact and can be reconstituted in a small
volume of buffer. The organic  occulation method has been
extensively used as a second-step concentration method for
the concentration and detection of viruses from water (14,
15, 18).
The detection limit for FCV was found to be 2.1 3
101 TCID50 by both cell culture and RT-PCR. Similarly,
RT-PCR of NV dilutions collected from arti cially contaminated steel surfaces showed a positive RT-PCR reaction
for up to 102 5 dilution of an NV-positive stool sample. The
initial concentration of NV in this sample was not known;
hence, we cannot comment on the sensitivity of RT-PCR
for NV detection. However, it appears that the newly developed method can also detect NV from environmental
surfaces. The method is simple to perform and does not
require any special equipment. Studies are in progress to
further re ne this method and adapt it to examine other
food contact surfaces, e.g., interiors of refrigerators, telephones, levers, switches, door handles, doorknobs, cutlery,
and other equipment.
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Our goal was to sample large surfaces of restaurant kitchens
for which commercially available swabs and sample collection proved ineffective. Sampling large areas of food
contact surfaces with nonbactericidal cellulose sponges impregnated in nutrient broth has been recommended (13),
and it seems that sponging may be a versatile tool for sampling since it can cover both even and uneven surfaces (e.g.,
food service equipment). Sponging as a sampling tool was
not used in the present study but should be evaluated as a
tool for sampling large environmental surfaces for caliciviruses.
We then attempted to improve virus recovery by aspirating the eluting buffer after a contact time of 15 min.
This method also did not give satisfactory yields of contaminating FCV. It has been demonstrated earlier that the
transfer of viruses between contaminated and clean surfaces
is high when the inoculum is wet (2, 17). Thus, rinsing and
aspiration of eluting buffer from the surface to be sampled
may have the advantage of avoiding desiccation of the virus, but virus recovery with this method was poor.
The aspiration method was modi ed by allowing the
elution buffer to stay in contact with the contaminated surface for 15 min. The surface was then mopped with a cell
scraper to facilitate the release of virus into the eluting buffer. This method gave an average virus recovery of 32 to
71% with horizontal surfaces and the sink. That the scraping-aspiration method proved to be the best of all methods
is not surprising, because stainless steel is moderately hydrophilic with negative surface charge, and irreversible attachment of microorganisms to stainless steel may occur
within 1 min (23, 35), making it potentially dif cult to elute
viruses once they are absorbed on such surfaces. In a study
on the survival of parain uenza virus on fomites, it was
reported that vigorous cleaning was as important as disinfection in removing contaminating viruses from stainless
steel surfaces (6). In addition, stainless steel surfaces may
be marked with scratches or crevices due to wear and tear,
as well as to polishing with abrasive powders or substances.
These crevices or channels may serve to entrap food residues and microorganisms (33). It is probably for this reason
that scraping the virus-contaminated surface and aspirating
the buffer gave better recovery, probably by physically dislodging the viral particles.
The average recovery with vertical surfaces was only
11%, probably because the buffer was not retained long
enough on these surfaces for the scraped virus to become
solubilized. Sampling from the sinks, by contrast, yielded
34% of the input virus, because the scraped buffer from the
vertical walls of the sinks could be retained by blocking
the sinkhole and could be reused to allow optimum contact
time with the contaminated surfaces.
The sampling of large surface areas is important to
maximize virus recovery. This can be achieved by larger
amounts of eluting buffer, so that the whole surface comes
in contact with the eluting buffer. The large amounts of
eluate thus obtained (ca. 100 ml or more) must be concentrated down to a small amount that can be easily assayed
in cell cultures or by RT-PCR. For this purpose, the organic
 occulation method was found to be appropriate. The  lter-
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